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Goals of Stochastic Investigations

= The stochastic investigations are performed to obtain information on the:

— Variation of the responses due to variation of input (variables, parameters).

— Significance / Contribution of the parameters with respect to specific responses.
— Assessment of reliability of structure

— Robust Parameter Design (Objective = min standard deviation of the response)
— Design optimization subject to reliability based constrains
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Reliability Assessment

= The reliability of a given design is defined as:
Reliability = 1 — probability of failure

= |t may be assessed by comparing a numerically determined failure probability with a given
target probability of an event. Reliability of a specific design is achieved if condition below is
satisfied:

= The selection of the target probability is problem dependent and often oriented to the

desired product quality vs. product cost.
=  Sometimes safety distance is defined based on these definitions as:

ds: IDt_Pf

= Positive values of d;indicate a permissible design, and higher positive values stand for a more
reliable design.
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Reliability Based Design Optimization

= The objective of the reliability based design optimization (RBDO) may be formulated
regarding two different aspects:

— In order to achieve a maximum reliability of an investigated subject with respect to a
set of problem dependent constraints the objective is given:

max (dg) | c(x) > 0

where: ¢(X) > 0 is set of constraints, and safety level is maximized under the condition
that the constraints are met.

— Conventional objectives ¢ concern with e.g. the reduction of cost due to minimization of
the mass. In order to combine these optimization goals with the idea of a reliable
design, the objective of RBDO may also be formulated as:

min(g) | ds, c(x) > 0

The safety distance is additionally considered as constraint of an actual optimization
problem.
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Reliability Based and Deterministic Optimization

= Deterministic optimum =  RBDO optimum

\ Design |
Design Variable 2 Feasible region
Variable 2
Optimum- RBDO - g,(x)=0
Optimum
N 0x(x)=0
N\ \ \ \

. \‘ . . \‘ .
Design Variable 1 I Design Variable 1
\:/

=  What is the probability of failure?
=  Which point is likely to fail first?
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RBDO and Deterministic Optimization

= Deterministic optimization problem:

min f (X) Obijective function
g,—(X)ZO; ]=12,...m Inequality constraints
hk(X)zo; k=12,..,1 Equality constraints
Xip SX <Xy Side constraints - Bounds on variables

=  RBDO optimization problem:

min f (X) Obijective function
P(gj (X)S O)S P; J=12,..m Reliability constraint
hk(X)=0; k=12,..1 Equality constraint
Xip SX <Xy Side constraints - Bounds on variables
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Reliability Assessment

* Inorder to determine the safety distance d,, in the general case the failure probability has to

be computed by numerical evaluation of the integral: o

probability
density

P, =P[g(x)<0]= L(X)SO f (x)dx

o " g " T
e /[;"“““‘\ %
S T
S S KK
S ST
SRS
R S

=  Where f(X) denotes joint probability density function
of the random variables X and g(x) represents limit
state function.

1 ifxeF .
| (x)= ) ifXéFWIthF:{Xlg(X)SO}

= Then, probability of failure in simulation based problem is re-defined as:
P, =Ilf(x)- f (x)dx
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Reliability Assessment

This enables the point estimation of the failure probability based on the sampling results of
a Monte Carlo simulation according to:

1 N
Py )

k=1

)

With N —sample size.
A minimum of sample size is estimated by:

N > — Z
P, -5
Pf
o
0. =— . . -
Where “p 1 is a coefficient of variation. N becomes very large for small values of the
failure probability . Thus, it is advisable to apply metamodel based stochastic simulation
techniques.
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Basic Structural Reliability Problem

Xs Xs

Xg — Tension load

Q, Xg — Tensile strength

v g(x): Xg —Xs =0 Xg) Xs — Non-negative,
independent
random variables
fs (XS) with probability
density functions:
Feasible region fR (XR ), fs (XS )

Failure region

VA SR O, =1{X:Xg > Xg )

Xg < Xg — failure

|
|
|
|
I »
I Ll
|
|

0 \/ X,

fal(Xe) |
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Probability of Failure

A

v

= Probability of failure: P, = P[X, < X, ]= j . (s Jolx,dx _j Fo (X ) f5 (X )X
Xs
= Theintegralis hard (if not impossible) to compute for most of the real cases.
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Probability of Failure

= Alternative formulation in terms of limit state function g(XR : Xs): Xg— X
= Since g <0 defines the failure region, probability of failure can be defined as:
P = P[g(XR’Xs)< O]

= The mean of the limit state function (mean margin of safety):

:ug = Hr — Hs
=  When resistance and load are not correlated, the standard deviation of the limit state
function is:
_ 2 2
o, = \Og + 0%
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center

11



Reliability Index

= The probability of failure can be computed as follows:

P, = [ f,(g)dg =0 -2 |=(- p)
—» O-g

Where: CI)() is cumulative distribution function

= The Safety Index or Reliability Index is defined as:

p=t
O-g
= The Reliability index indicates the distance of the mean margin of safety from the failure
region
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Reliability Index - Graphical Interpretation

Reliability Index b= ﬁ

Oy

Failure region

Feasible region

oo, g
‘Pf =(I)(_B) BO’g i BGg

Probability of failure

Hy  mean margin of safety

Reliability = 1 — probability of failure
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Hasofer and Lind (HL) Transformation

= X-space = U-space
R = Xr — MR S — Xs — Hs
OR Oy

&
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Hasofer and Lind (HL) Transformation

The random variables are mapped into set of normalized and independent variables:

F\”):XR_ﬂR §=Xs_ﬂs
OR Os

=  The limit state function takes form:
g(u): Rog + 1 =505 — g

= The shortest distance from the origin to
the failure surface is equal to the safety
index:

Hy —H
ﬁHL_ i >

Joi+o:
= The closes point on this surface is called

Most Probable Point (MPP) of failure B
HL
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Hasofer and Lind (HL) Transformation

In general case the limit state function is nonlinear and can be defined as:
()=l f)=0
g U)= g ulo-x1 +,le1 ’uzo-x2 +,le2 ""’unaxn +:uxn -

= Where:

_ X — Hy
(o}

X

U

=  First order Taylor series of expansions of
§(u) at the MPP is considered

Q
* The method is called First Order Second Feasiblesregion
Moment (FOSM) since only mean and
standard deviation (second moment
about the mean) are used in description

of inputs and outputs.

Z

v

N\
(@
\S
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Reliability Based Design Optimization

= RBDO optimization problem can be reformulated into:

min f (X) Obijective function
P(g,-(X)S 0)—¢(—ﬂtj )S 0; J=12,..m Reliability constraint
hk(X)zo; k=121 Equality constraint
Xip SX <Xy Side constraints - Bounds on variables

= Safety index is the solution of a constrained optimization problem in the standard

normal space:
1

min A(u)=(u"ul
g(u)=0

= Checking reliability constraints in design optimization becomes inner level optimization.

*

u — MPP

= There are several methods of solving RBDO problems: Double Loop, Sequential
Optimization and Reliability Assessment (SORA), Single Loop.
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Problem

= Recall from last example:

=  Probability of z-displacement exceeding -140 is 10.8%

U.S. Department of Transportation

B LS-OPT Viewer

Plot type
(™ Histogram
" Summary

I:" Statistcs | Iteration

=lol x|

{* Bounds

UpperBodeU

Lower Bound [-140]

El- Variables

E| Rgsponses

¥ Use Metamodels and Distributions
Metamodel Points | 10000

[~ Add Residuals
[~ Use Opt. Iter. Start Design

L Xk oo MO B E

Plx>0]

Plx<-140]

Response: MIDDLE_Z DISP_RESP
10000 samples: Mean = -128 Standard Deviation = 9.44

95% confidence interval in red

0.2

0.4 06
Plx<-140] = 0.108 P[x=0]=0

0.8
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Problem

= After adding variability in load 5% one out of a 100 samples was leading to
collapse of the structure!
Scatter Plot

Variable "load" vs. Variable "thick” vs. Response "MIDDLE _Z DISP_RESP"
(Results of lteration 1)

FU 3(-3.000000)

f\lL12 sy
L14({=3.000000)
FIL1 1 (Jouﬁooof

v f\nus(ﬁ

-1E+003
I
-1.25E+003

7 DISP_RESP

-1.5E+003

1.75E+003

MIDDLE

-2E+F50

-2.25E+003

-2.5E+003

&=
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Problem

= The system can be redesign to reduce the probability of the failure.

= RBDO tasks can be defined accordingly:

— Find ranges for design variables that will assure that the probability of occurrence of
unwanted event will remain below specified limit.

— Here: Find ranges for design variables that will assure that the probability of z-
displacement being greater than 140 units is below 2.5%

20



New K-file

=  Two parts created
= New variables:
— Design variable thick1l
— Design variable thick?2
— Design variable eb
— Noise variable load
= Objective: minimize mass of the structure.

= Constraint: z-displacement of node 51 less than
-140 with probability not greater than 2.5%

{\, U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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000000)
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Task Tab

= GotoTasktab
= Select RBDO from Metamodel based group

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Strategy Tab

=  Go to Strategy tab
= Select Sequential with Domain Reduction SRSM as an Optimization Strategy

B¢ "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Solver Tab

= Navigate to appropriate 1soptscript in Command field.

= Find correct k-file in Input File field

= Enter RBDO as a Name of Analysis Case and press Add

B "RBDO" (File: com.SHNAP-MC-CORRECT) RBDO/Robust Parameter Design

File View Task Help

=10l ]

‘Info | Strateay S| pist | variables | sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | oyt | »
Pre-Processor Package Name INone j
Solver Package Name [LsDna =l

Fies |Extrainput files | Import User Resuits | Checkpoints | Evaluate Metamode! | Advanced |

Command IC ALSDYMA\programs971_s_R4.2_winxG64_p.exe Browse

Input File IE:\DDCS\LS—OPT—CDURSE—CB‘I.E_RBDD‘ISNAP‘RBDD_MI:—FAMDDEL_BASEJ_SV Browse

Appended File I Browse

Post-Processor Package Name Mone

L

U.S. Department of Transportation
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Distributions Tab

=  Modify distribution modulus to: Mean @ and Standard Deviation 9.015
(5 % of initial value 0.3)

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design -0l =|
File View Task Help

‘Info | Strategy | Solvers Dist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algorithms | Run | viewer | ovia_4 [ »|

Statistical Distributions.
Mormal bl [0 0.015 thickness
I J I I load
Lo7 Mean =0
Std Dev=10.0
Is}
= 3
P CIJ =
Distribution Name modulus add Replace Delete Clear

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Distributions Tab

=  Modify distribution thickness to: Mean @ and Standard Deviation 3.25
(5 % of initial value 65)

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design -0l =|
File View Task Help

‘Info | Strategy | Solvers Dist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algorithms | Run | viewer | ovia_4 [ »|
Statistical Distributions
Type

Mean Standard Dev modulus
INormaI j IU IS.ZE M

load

Lo 12 Mean =0
Std Dev=3.2

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Distributions Tab

m  Create additional Normal distribution 1load with Mean 1 and Standard Deviation
0.05

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design 10 x|
File View Task Help

‘Info | Strategy | Solvers Dist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | oyt | »
Statistical Distributions

Type Mean Standard Dev modulus
INormaI j |1 IU.OE |H'1idmess

L5 Mean =1
Std Dev=10.0

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Variables Panel

= Create variable load with distribution load

= (Create variable modulus with starting value .3 min 0.29 and max 9.31

= Assign to it distribution modulus

= (Create variables thick1 and thick2 with starting value 65 min 60 and max 75

= Assign to them

distribution thickness

U.S. Department of Transportation

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

File View Task Help

=101 x|

‘Info | Strateay | Solvers | Dist '-I’amHeS| Sampiing | Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | Dzt | ¢ |

Design Variables
Type Name Startng  Int.Range  Mimum  Maximum  Distribution
INoise Var j & IIoad IF:
| Variable | & jmodulus 0.3 | f0.29 [0.31 moduius
| variable =] G Jtick1 G | [60 [75 | thickness
| variable =] & fthickz fes | Jeo [75 | thickness

Saddle Direction
Cases
& Al
£ List

TRACC Transportation Research and Analysis Computing Center
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K-file Modification

Previously:

*SECTION_SHELL

$#  secid elform shrf nip propt gr/irid
2 4 0.000 3 0 0

$# t1 t2 t3 t4 nloc marea

<<65*thick>>,<<65*thick>>,<<65*thick>>,<<65*thick>>

Now:

*PARAMETER

Rthick, 65

*SECTION_SHELL

$# secid elform shrf nip propt gr/irid
2 4 0.000 3 0 0

$# t1 t2 t3 t4 nloc marea

&thick2,&thick2,&thick2,&thick2

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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idof

icomp

idof

setyp

edgset

setyp

edgset
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Sampling Tab

= Go to Sampling Tab

= Select Polynomial Metamodel with Linear Order

= Use D-Optimal Point Selection method and leave default 8 Simulation Points

B "RBDO" (File: com.SHAP-MC-CORRECT) RBDO/Robust Parameter Design

File View Task Help

‘Info | Strateay | Solvers | Dist | variables

METAMODEL
%" Polynomial
" Sensitivity
" Feedforward Neural Network

Order

% Linear

" Linear with Interaction
" Quadratic

" Elliptic

POINT SELECTION
" Full Factorial

" Linear Koshal
" Quadratic Koshal
" Composite

¢ D-Optimal

£ Monte Carlo

~ Latin Hypercube
" Space Filling

£ Duplicate

" User-defined

Total number of Simulation Points.

Default =8
[ Discrete sampling
[ Advanced

=101 %]

1| Histories | Responses | Objective | Constraints | Algoritms | Run | viewer | e 4] ¥

U.S. Department of Transportation
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Responses Tab

= Go to Responses Tab
=  From left window select MASS and pick All Parts to be included in the response
= Enter TOTAL_MASS for response name and press Add

B "RBDO" (File: com.SHNAP-MC-CORRECT) RBDO/Robust Parameter Design - |Elli|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Respanses | objective | Constraints | Algorithms | Run | viewer | oyt | ¥

USERDEFINED 21 Pparts to be induded Attribute E-Responses
Composite El-REDO
Composite-Expression " List of parts I"""aSS j . MIDDLE Z [
MeanSqErr * Al Parts L
Respaonse-Expression

Standard Deviation
Mafrix-Expression
ABSTAT

BNDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEOUT

GLSTAT

IJMTFORC

MATSUM
MNCFORC T
NODOUT
NODFOR.
PSTRESS
REBDOUT

RCFORC T | el | =l
Case [rEDO |

Multiplier |1 Offset |0 I™ Not metamodel-inked

Response Name ITOTAL_MASS Show def... | Add | Replace | Delete |

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Objective Tab

=  Go to Objective Tab
= Select TOTAL_MASS and leave default Weight 1.0

B¢ "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Constraints Tab

=  Go to Constraints Tab
= Select MIDDLE_Z DISP_RESP

= Enter -140 for lower bound and ©.025 for probability of response being lower
than that lower bound

B¢ "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Algorithms Tab

=  Goto Algorithms Tab
= Select GA (Genetic Algorithm)

B¢ "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Run Tab

= GotoRuntab

= Select PBS for your Queuing system (if on TRACC cluster) or leave none
= Set the number of concurrent jobs 8 and number of iterations to 10

= Press Run button

B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter Design 10 x|
File View Task Help

gl'.ﬁewa'lmm‘l’l

‘Info | Strateay | Solvers | Dist | variables | Samplng | Histories | Responses | Objective | Constraints | Algarithms

il PID  Progress QUELING SEQUENTIAL OFTIMIZATION
;I (1676) INone vl Mumber of iterations

2 459 10
—I (5692) Concurrent Jobs I

IS— ™ Use Approximation Residuals
™ Omit last verification run

3 |(3308}
4 |(1-965}

¥ Clean Start from Iteration
|1

Case

Time History

0,

Internal Energy (x10 <)

Time Step
kinetic Ener

Total Energy
Energy Ratio

2

Global X Velocity
Global ¥ Velocity
Global Z Velocity
Total CPU Time
Time to Completion

Simulation Time

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer

»  Go to Viewer tab in LS-OPTui
=  Press Restart viewer button

B New plot x|

=  From New plot panel select

“Optimization History” Select placement ...

=
B "RBDO" (File: com.SNAP-MC-CORRECT) RBDO/Robust Parameter De

Ele View Task Help a“d pIOt type

"Info | Strategyl Solversl Dist I '."ariablesl Sampling I Historiesl Response

Simulation Statistics

[&]
The external viewer application has been started. B Cﬂl'rt:fﬂtlﬂll Ha‘l:rlxl siors 3nd Scatter Plots
HEmT of 2l v and s * L . 2D or 3D scatter plots of simulation results
Restart viewer | £ Iati Statistical Tools
i Cn: St hBaI rs ‘- Interactive tooks for histograms, mean, standard
Metamodel
3Dplu(efmnndel5|.lﬁnealﬂmﬂamn .- Seatter phot of simulation results vs, metamodel
points, Interactive tools jpredictions. Error measures and cross validation
= Saﬂlﬂydmwvaﬂiedmlge. A ‘Coniribution of varizble noise (stochastic input)
E T Confidence intervaks as emor bars —F_ to vanation of the response
Optimization
Optimization History : Tradeoff
Ses how warisbles and responses develop with : 2D o 30 scatter plots of optinnal designs (Farats
o Detsiled optimizer history: ] Optirnal set], 40 Wisualization in colar
Parallel Coordinates I Hyper-Radial Visualization
Explore and Eliminate optimal designs by, 0 % % Explore optimal designs by interactively
interactively moving constraints 4 weighting|objectives

U.S. Department of Transportation TRACC Transportation Research an
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Optimization History

Optimization History
For "load”

1.07-

1.05

1.02:

load

0.975

-0 2 4
MNumber of lterations

Optimization History
For "thick1"

AN
AN A
\

thick1
2 2
\
\‘\.
L —
/

Number of lterations

U.S. Department of Transportation

modulus

thick2

Optimization History

For "modulus”

0.31

0.307

/

0.305

/

/

0.302

0.297-

0.295

0.292

Number of lterations

Optimization History
For "thick2"

AN

[\

VA N

)

. T
L~

62 /

N

Number of lterations

TRACC Transportation Research and Analysis Computing Center
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Optimization History

Go to Max Constraint Violation

In 15t iteration the constraints are dealt

~iBixi
2 X (el 2 :
1 X[k © O R 6| B [ Jowem
— e Optimization History
Setup | Range For "Max Const. Violation"
E--V?rilables 600 \
i load
i modulus
----- thick1
..... thick2 500
[+ Responses
[ Constraints
[ Objectives o 400
- Multiobjective :%
& Max Constr. Violation _E
_.>_; 300
(4]
c
(=]
O
x 200
E \
100 \
-'D—* * .. ’ =
-0 2 4
™ Core Solver Progress Number of lterations

TRACC Transportation Research and Analysis Computing Center
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Optimization History

Go to Constraints and select MIDDLE_Z DISP_RESP
Select RBDO Lower Bound Probability as a Value to plot

Click with mouse close to the right end of the plot

B LS-OPT Viewer

Point selection

2 ||~ | == s

E|

me=

[+ Responses
[l Constraints

[#- Objectives
- Multiobjective
- Max Constr. Violation

~Value to plot
= value

¥ RBDO Lower Bound Probability:
= REDO Upper Bound Probability
= REDO Lower Reliability Index
{~ REDO Upper Reliability Index

U.S. Department of Transportation

MIDDLE_Z_DISP_RESP

- X[k O HHID (5

Optimization History
For"MIDDLE_Z_DISP_RESP"

=) 2 4
Number of lterations

TRACC Transportation Research and Analysis Computing Center

Entity | Comp... | Predic... | |
~E1-Point
--[E-Variables
1 1
0.3003858 0.300388
&0 &0
68.5543 658.5543
~f-Responzes
co--MIDDLE Z DISP RESP -116.781  -117.15
------------ TOTAL_MASS 39899.8  39903.2
-[E-Constraints
i---MIDDLE_Z_DISP_RESP -116.781 -117.15
- [El-Objectives
Lo TOTAL_MASS 39899.8 39903.2
- Multiobjective 39893.8 39903.2

--Max Constraint Violation

0

0
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Viewer

»  Go to Viewer tab in LS-OPTui
=  Press Restart viewer button

=  From New plot panel select
“Statistical Tools”

B "RBDO" (File: com.SHAP-MC-CORRECT) RBDO/Robust Parameter De
File WView Task Help

"Info | Strategyl Solversl Dist I '."ariablesl Sampling I Historiesl Response

The external viewer application has been started.

Restart viewer |

U.S. Department of Transportation
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B New plot

Select placement ...

=
and plot type

Simulation Statistics

o] Correlation Matrix
[Tl Mt of comelation values, scamer plos 2nd
T J]  histngrams of 2l varisbles 2nd simulztion resuis
::. Correlation Bars
= Coerelation bar charts
Metamodel

Surface

3D plot of metamodel surface and simulstion

Sensitivit
Sersitivity of response to varizhle change,
™ Confidence intervals as emor bars

Optimization
Optimization History
Ses how warisbles and responses develop with
N et

P

Parallel Coordinates
Explore and Eliminate optimal designs by,
interactively moving constraints

Scatter Plots
2D or 3D scatter plots of simulation results

Statistical Tools
Interactive tools for histograms, mean, standard

[ |

F,.

ERE

Accuracy
Seatter phot of simulation results vs, metamodel
jpredictions. Error measures and cross validation

Stochastic Contribution
‘Contribution of varizble noise (stochastic input)
1o variation of the response

Tradeoff

2D o 30 scatter plots of optinnal designs (Farats
Optirnal set], 40 Wisualization in colar

Hyper-Radial Visualization
Explore optimal designs by interactively
weighting objectives
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Statistical Tools

= Go to Statistical Tools
= Pick Bounds and type -140 as Lower bound for MIDDLE_Z DISP_RESP Response
=  Probability of z-displacement exceeding -140 is 2.5%

=10/ x|
L Xk @ 6 |HE|E K| By [ e [ e
X

Response: MIDDLE_Z DISP_RESP

Plot type 10000 samples: Mean = -117 Standard Deviation = 11.6
" Histogram 95% confidence interval in red

" Summary
¥ Bounds

T

Lower Bound |-140

 -modulus ;l

L ethickl
P e thicka Ppe=0]
=l-Responses

- MIDDLE_Z DISP_RESP Px=-140]

: : 0 0.25 05 0.75 1
V¥ Use Metamodels and Distributions Px=-140] = 0.025 P[x=0]=0

Metamodel Points |10000

[~ Add Residuals

[~ Use Opt. Iter. Start Design

Tteration 4

1 3 3

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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